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 Audible anthropogenic noise pollution is widely recognized as a hazard to the natural 
world. However, airborne ultrasound, a form of human-inaudible noise with a frequency over 20 
kHz, is poorly understood and is a potential source of harmful pollution. A few studies have 
found that chronic airborne ultrasound exposure in industrial settings is associated with 
subjective effects such as nausea, fatigue, tinnitus, and dizziness. At very high ultrasonic 
frequencies, eukaryotic cells can lyse. We found that ultrasound commonly exists on the campus 
of the College of William & Mary (Williamsburg, VA) with the most common ultrasonic tones 
between 20 to 55 kHz and 13 to 78 dB SPL. We exposed a haploid strain of the budding yeast, 
Saccharomyces cerevisiae, to environmentally-relevant ultrasound to measure its effects on 
eukaryotic cells. When exposed to the 40 kHz and > 82 dB SPL ultrasonic environment of our 
laboratory, colony growth decreased (F1,67 = 10.65, P = 0.002, partial eta-squared effect size = 
0.137). Exposure to the 60 kHz and > 82 dB SPL tone of a parametric array speaker did not 
reduce colony counts (F1,72 = 0.318, P = 0.574, partial eta-squared effect size = 0.004). Finally, 
exposure to a 40 kHz and 80 dB SPL tone produced by an ultrasonic speaker led to a statistically 
significant decrease in yeast colony counts (F1,64 = 37.37, P < 0.0001, partial eta-squared effect 
size = 0.369). Our findings suggest that the ultrasound commonly found in public spaces has the 







Audible anthropogenic noise pollution is widely recognized as a hazard to the natural 
world. Global audible noise levels have increased as the human population has expanded, 
making it important that researchers understand the effects of noise on wildlife and humans [1,2]. 
In natural environments, anthropogenic noise is a stressor and affects a range of individual 
behaviors, body systems, and interactions between species and communities in the wild [3–7]. 
Many similar reactions have been reported in the human population after exposure to audible 
noise pollution. Audible noise is considered a public health problem, as it can lead to hearing 
loss and sleep disturbance [8–10]. Chronic noise exposure has also been linked to the 
development of diabetes and heart disease [9–12]. The Environmental Protection Agency 
estimated in 1981 that about 50% of the population was exposed to noise levels of 70 dBA SPL 
for more than 8 hours which could be harmful to their health [13]. More recently, it was 
estimated that 56 million people in urban areas in the European Union are exposed to a constant 
average audible noise environment above 55 dBA SPL that could be damaging to their health 
[14].  
Until this point, most research on noise pollution investigated the effects of tones within 
the range of human hearing. Most humans have a hearing range from 200 Hz to 20 kHz with the 
upper limit decreasing with age [15,16]. Airborne ultrasound, a form of noise with a frequency 
over 20 kHz, is poorly understood and has the potential to be a source of harmful pollution. 
Preliminary studies state that ultrasound can be found in the human environment in populated 
areas such as libraries, transportation centers, and stadiums [17]. The first systematic survey of 
the ultrasound in commonly occupied public spaces was only recently completed on the campus 
of the College of William & Mary (Williamsburg, VA) (Isabelle Ritrovato, pers. comm.). We 
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found that 86% of sampled spaces had ultrasound between 20 and 55 kHz and 13 to >78 dB SPL 
with the most common tones found between 35 and 45 kHz and 70 to >78 dB SPL (Isabel 
Ritrovato, pers. comm.). Based on these data, we considered the stated range of ultrasonic tones 
to be environmentally-relevant to the general public. To date, very little is known about the 
frequencies and amplitudes of ultrasound in the human environment and with less known about 
the chronic effects of such noise.  
Studies have found that ultrasound is emitted by common technologies such as motion 
detectors (Isabel Ritrovato, pers. comm.), parametric array speakers, and public address systems 
[17,18]. Ultrasound is intentionally emitted in some cases, while it is an accidental product of the 
equipment’s function in other cases. For example, parametric array speakers produce human 
audible directional sound using small ultrasound emitters [18–20]. Two tones are produced and 
travel in the same direction while the only audible tone is the difference in frequency between 
the two waves [20]. We have also discovered ultrasonic tones emitted incidentally by illuminated 
lighting fixtures. Regardless of intentionality, humans have begun to utilize some technologies 
without understanding the biological effects of chronic exposure to the emitted ultrasonic tones.  
The chronic effects of airborne ultrasound in public spaces are poorly studied, as most 
literature focuses on the effect of occupational ultrasound exposure on workers [17,21]. In the 
medical field, most diagnostic and therapeutic ultrasound is in the order of 700 kHz to 20 MHz 
[21,22], several magnitudes higher than the airborne ultrasound found in the human environment 
to date. A few studies have found that airborne ultrasound exposure is associated with subjective 
effects such as nausea, fatigue, tinnitus, and dizziness in humans exposed to tones above 17 kHz 
and 70 dB SPL [23]. With these effects in mind, the World Health Organization began 
advocating for airborne ultrasound limits more than 30 years ago [24]. A handful of countries 
Ransone 4 
 
have limits on ultrasound exposure in the work environment with safe limits for tones from 20 to 
50 kHz generally set at 110 dB SPL [16]. The most stringent ultrasound guidelines we have 
found enacted in the United States are the 1976 U.S. Air Force regulations that protected workers 
from exposure to ultrasound at frequencies between 20 and 40 kHz and amplitudes above 85 dB 
SPL [24]. 
While understudied, there is some evidence that ultrasound can cause cellular damage in 
living organisms. In the molecular and cellular sciences, ultrasound at 20 kHz is used to produce 
emulsions and lyse cells [25]. Low-frequency high intensity ultrasound produces mechanical 
forces [26]. Through acoustic cavitation, ultrasound traveling through a liquid forms bubbles due 
to changes in pressure and temperature that ultimately collapse to generate high temperatures 
[26,27]. During collapse of the bubbles, small holes are formed within the cell membrane that 
can alter membrane permeability and lead to cell death [28,29]. Ultrasound sonolysis can also 
lead to the formation of OH- and HO2
- radicals in water and to double-stranded DNA breaks in 
aqueous solution [30]. Various enzymes have also been altered by exposure to ultrasound as low 
as 20 kHz with the amplitude unreported [31]. These ultrasonic effects have been used in the 
food safety industry to inactivate microorganisms suspended in liquid using both low-frequency 
(20 kHz at 4, 8, 10, and 12 W) and high-frequency (850 kHz at  50 and 60 W) tones [32,33]. 
Several studies have investigated the effects of ultrasound exposure on Saccharomyces 
cerevisiae yeast. A S. cerevisiae culture of 102 cells mL-1 was almost entirely inactivated after 
exposure to 27.5 kHz and 46.2 dBW for 180 seconds, although inactivation decreased as yeast 
cell concentration increased to 105 cells mL-1 [34]. In another experiment, yeast culture exposed 
to the low level of 1 second of 24 kHz and 3 dBW ultrasound every 15 seconds for 30 minutes 
did not exhibit any change in physiological characteristics [35]. Another study found that S. 
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cerevisiae suspended in water and exposed to a 20 kHz ultrasound tone at 50 W, 100 W, or 180 
W were not inactivated but had increased sensitivity to high temperatures (50 ºC and 55 ºC) and 
cellular membrane damage, as demonstrated by differential staining with methylene blue, a dye 
that shows cellular viability [36]. It is important to note that there are no studies on the effect of 
airborne ultrasound on S. cerevisiae. Ultrasonic waves travel slower through air, and thus 
research on the ultrasonic inactivation of eukaryotic cells in liquids may not be directly 
translatable into our knowledge of the perils of airborne exposure [21]. 
To our knowledge, this study is the first to expose plated S. cerevisiae to airborne 
ultrasound at environmentally-relevant concentrations. This model is useful for determining the 
effects of airborne ultrasound on eukaryotic cells, as ultrasound can travel differently through 
various media [21]. S. cerevisiae is a useful model for determining cellular mechanisms as it is 
widely studied and compatible with many genetic manipulation tools. S. cerevisiae also produces 
clonal populations reduce variation within the cells when isolating the role of ultrasonic 
perturbation. We chose to use a haploid strain of S. cerevisiae for better visualization of the 
potential mutations induced by ultrasound. We counted the number of yeast colonies that grew 
after several days to study the effect of ultrasound on cell division and growth. After adding the 
homogenous yeast culture to each plate, we knew how many clonal colonies grew from those 
plated cells. A decrease in colonies suggests that the yeast cells were inactivated and could not 
grow into a colony.  
The primary goal of this study is to isolate the effects of environmentally-relevant 
ultrasound on yeast colony growth. We are particularly interested in the effects of motion 
sensors, parametric array speakers, and pure ultrasonic tones on colony growth. Based on the 
results of prior trials, I am predicting that ultrasound will reduce the ability of yeast cells to 
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We used the budding yeast, Saccharomyces cerevisiae, as a model organism to 
investigate the effect of exposure to environmentally-relevant ultrasound on eukaryotic cells. We 
used strain YPS3137, a haploid derivate of YPS681 which was isolated from an oak tree in 
Pennsylvania [37]. We grew the culture for 24 hours in YPD broth (1% yeast extract, 2% 
peptone, 2% dextrose) at 30°C with rotation. Cultures were diluted in sterile water and 100 ul 
was plated on YPD agar plates (100x15mm, Fisher Brand) with sterile glass beads. We then 
exposed plates to experimental treatments as explained below. 
 
Experiment 1: Effects of ultrasonic emissions from a motion-detector on yeast colony growth 
 To assess the effects of indoor environmental ultrasound on S. cerevisiae, we exposed 
plates to the ultrasonic environment of our research laboratory (Integrated Science Center 3249, 
Williamsburg, VA). We placed 15 plates in a 3x5 grid 1.3 m below a motion detector producing 
40 kHz of ultrasound at > 82 dB SPL (our measurement device was unable to record ultrasound 
above this threshold) for 4 days until the colonies were clearly visible to the naked eye (Figure 
1). We set 15 control plates in a soundproof metal box that measured 0.71 m by 0.67 m inside 
(Eckel Noise Control Technologies, Ontario, Canada) and blocked at least 98.8% of 
environmental ultrasound. As the growth of yeast cells is sensitive to temperature, we deployed a 
TidbiT temperature data logger (Onset Computer Corporation, Bourne, MA) to automatically 
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Figure 1. A spectrogram showing the ultrasound produced by the motion sensor in our laboratory 
with seconds on the x-axis and kHz on the y-axis. Darker bands represent higher amplitude 
sounds. The main band of ultrasound is centered at 40 kHz; additional bands are subharmonics 
produced by the main band due to the EMT’s inability to register amplitudes > 82 dBA SPL. 
 
Experiment 2: Effects of ultrasonic emissions from a parametric array directional speaker on 
yeast colony growth 
 We used an Audio Spotlight AS-168i directional speaker (Holosonics, Watertown, MA) 
to assess the effects of ultrasound emissions from a parametric array directional speaker on the 
growth of colonies of yeast. In order to generate ultrasound emissions from the speaker, we 
played a 11 kHz MP3 tone through a microSD card inserted into a Holosonics speaker mounted 
0.43 m above the plates. The speaker produced ultrasound at 60 kHz and > 82 dB SPL as a by-
product of how this technology produces a directional sound beam. We exposed control plates to 
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the same 11 kHz track emitted from an AX400 Portable Bluetooth speaker (Saritek Technical 
Solutions Inc., Anaheim, CA) which did not produce ultrasound attached to an MP3 player 
(SanDisk Clip Jam, Milpitas, CA). The speaker was hung 0.36 m above the control plates. Both 
speakers produced the 11 kHz tone at approximately 82 dB SPL (verified with a calibrated sound 
pressure level meter (Mastech MS6700) accurate to ±2 dBA SPL). The difference between the 
treatment and control was the additional 60 kHz ultrasonic emissions in the treatment group. 
Both experimental conditions were housed in separate soundproof boxes with 49 plates arranged 
in a 7x7 grid for 4 days. We removed the door of the soundproof box with the Holosonics 
speaker for better ventilation of the heat produced by the large speaker.  We placed TidbiT 
temperature data loggers in each soundproof box to measure ambient temperature every minute.  
 
Experiment 3: Effects of a 40 kHz ultrasonic tone on yeast colony growth 
 As the majority of the environmental ultrasound that we have measured on the William & 
Mary campus occurs at approximately 40 kHz (Isabel Ritrovato, unpublished data), we assessed 
the effects of a 40 kHz tone on growth of colonies of yeast. We connected an ultrasonic tone 
generator (Qulable DDS Function Signal Generator DDS Function Signal Generator FG-100) to 
an amplifier (Pyle PCA1 Mini 2X15 W Stereo Power Amplifier) and two piezo horn tweeters to 
broadcast a 40 kHz stereo tone at 80 dB SPL onto 49 plates for 4 days. The speaker was set 0.5 
m above the arranged plates. We used the Echo Meter Touch (EMT) device to measure the 
ultrasound environment as specified below to verify that ultrasound conditions were similar in all 
areas of the soundproof box. We placed 49 control plates in a separate soundproof box. TidbiT 
temperature data loggers measured the ambient temperature in each soundproof box every 




After four days of growth on the YPD agar plates in each experiment, we used an Epson 
Expression 11000 XL scanner to generate 1200 dpi RGB images in order to quantify colony 
growth. We processed each image of each plate using ImageJ (Version 1.51u, National Institutes 
of Health, Bethesda, MD) and a Colony Counter Plugin (Bruno Vieira, University of Lisbon, 
Lisbon, Portugal) where we instructed the software to count every colony between 400 and 6000 
square pixels and with a circularity of between 0.75 and 1.00. We did not count plates that were 
contaminated by bacterial or fungal agents or that had streaks or clumps of colonies that could 
not be differentiated. EMR then processed each image for missed colonies and manually added 
the omissions. For experiment 1, a subsection of plates was manually hand-counted by placing 
each plate on a lightbox (Reichert Technologies Quebec Darkfield Colony Counter). We 
assessed the accuracy of our colony counting technique by correlating colony counts generated 
by utilizing ImageJ with hand-counts of plates using the traditional lightbox method.  
 
Measuring environmental ultrasound 
 We used a modified version of an ‘end-to-end’ calibration to determine a constant to 
convert RMS amplitude values reported by the EMT to corrected dB SPL [38]. In a large lecture 
hall, we positioned the EMT and an SPL meter (Mastech MS6700, fast-weighting) 120 cm from 
a laptop connected to an AX400 Portable Bluetooth speaker (Saritek Technical Solutions Inc., 
Anaheim, CA) playing an 11 kHz tone. We increased the tone amplitude seven times, recording 
an EMT file and associated max dBA SPL measurement thrice for each amplitude setting. We 
averaged the three associated RMS amplitude values and three dBA SPL values. Sound pressure 
values were converted to Pascal (Pa) and divided by the associated RMS amplitude to obtain 
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calibration constants. The seven calibration constants were averaged to obtain the final 
calibration constant (1.21739x10-5 uPa). The minimum calibration value was 10.4 uPa and the 
maximum was 17.6 uPa.  
We used RavenPro 64 Version 1.4 for Windows (Cornell Lab of Ornithology, Ithaca, 
New York, USA) to analyze EMT ultrasound recordings [39]. After filtering each sample to 
remove outside interference, we measured the RMS amplitude, minimum frequency, and 
maximum frequency of a 15 second segment of each ultrasound band. We did not include the 
first 5 s of each recording in analysis that were automatically included as part of the EMT pre-
record feature. RMS amplitude values were multiplied by the calibration constant and converted 
to dB SPL. Due to equipment limitations, we were unable to measure ultrasonic tones louder 




 In order to test how exposure to various sources of ultrasound affected the proliferation of 
colonies of yeast, we employed a general linear model with treatment group (i.e., source of 
ultrasound versus control) as a fixed effect, temperature as a covariate, and the count of yeast 
colonies per plate as the dependent variable. In experiment 2, in which the Holosonics 
AudioSpotlight speaker was the source of ultrasound, there was no variation in temperature 
within each level of the treatment factor, hence we could not use temperature as a covariate. In 
this case, there was very little variation in temperature across the ultrasound treatments (average 
speaker treatment temperature = 20.8°C, average control treatment temperature = 21.2°C) hence 




 Experiment 1: Effects of ultrasonic emissions from a motion-detector on yeast colony growth 
Exposure to ultrasonic emissions at 40 kHz and > 82 dB SPL from a motion detector 
suppressed proliferation of colonies of yeast, when temperature was included in the model as a 
covariate (F1,67 = 10.65, P = 0.002, partial eta-squared effect size = 0.137; Figure 2). For the 
small subsection of hand-counted plates, a linear regression showed no difference between the 
number of colonies counted through the hand-counted method and the ImageJ method 
(F1,18=2693, P = < 2.2x10
-16). 
 
Figure 2. The mean colony counts for plates exposed to the ultrasound environment of our 
laboratory and to a controlled environment inside a soundproof box with error bars representing 





Experiment 2: Effects of ultrasonic emissions from a parametric array directional speaker on 
yeast colony growth 
Exposure to both audible and ultrasonic frequencies from a Holosonic AudioSpotlight 
speaker, compared with exposure to audible frequencies from a non-ultrasonic speaker, did not 
appear to influence yeast colony counts (F1,72 = 0.318, P = 0.574, partial eta-squared effect size = 
0.004; Figure 3). The ultrasonic tone produced by the speaker was 60 kHz and > 82 dB SPL. 
 
 
Figure 3. The mean colony counts for plates exposed to the audible noise of a speaker and the 








Experiment 3: Effects of a 40 kHz ultrasonic tone on yeast colony growth 
Exposure to an ultrasonic tone of 40 kHz and 80 dB SPL greatly reduced colony count, 
when accounting for temperature as a covariate in the analyses (F1,64 = 37.37, P < 0.0001, partial 
eta-squared effect size = 0.369; Figure 4) 
 
 
Figure 4. This graph shows the mean colony counts for plates exposed to an ultrasonic tone of 40 
kHz and plates grown in an ultrasound-free soundproof box environment with error bars 






 Our study shows that ultrasound in commonly occupied public spaces is at a frequency 
and amplitude sufficient to reduce the growth of yeast colonies. Unpublished data show that 
students at the College of William & Mary are frequently exposed to ultrasonic tones between 20 
and 55 kHz with the most common exposure in high-trafficked buildings occurring at 40 kHz 
(Isabel Ritrovato, pers. comm.). These findings expand upon previous knowledge that ultrasound 
exists in public environments like libraries and stadiums [17] and have particular implications for 
the general public, as workplace guidelines that regulate ultrasonic exposure are not in effect for 
the general populace of the US. 
 Exposure to an environmentally-relevant 40 kHz tone significantly reduced yeast colony 
counts in a laboratory setting at > 82 dB SPL, yet colony counts were further reduced when the 
40 kHz tone was produced by an ultrasonic speaker at 80 dB SPL. The greater reduction in 
colonies in the second condition could be due to greater control over environmental variables, as 
both control and treatment plates were housed in soundproof boxes during the ultrasonic speaker 
trial. The amplitude of the ultrasonic exposure could also have influenced colony counts. We 
were unable to measure the precise amplitude of the laboratory ultrasound, as our equipment’s 
limit was too low. While we recorded the amplitude as > 82 dB SPL to show this constraint, the 
actual amplitude could have been much higher. It is possible that 80 dB SPL ultrasound is simply 
more damaging to yeast colonies than the higher amplitude of the laboratory environmental 
ultrasound. It is also possible that the size of the soundproof box amplified and contained the 
ultrasound, while the much larger size of our laboratory diluted the effects of the 40 kHz tone. 
Finally, because the plates exposed to the laboratory ultrasound were placed on top of a 
soundproof box and directly under the motion sensor, they were exposed to audible tones of 
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everyday laboratory work. While we have found no evidence that sporadic audible noise impairs 
yeast, the possibility cannot be discounted. 
It is possible that the amplitude of ultrasound reported in laboratory environment and 
parametric array speaker trials are artificially low due to equipment limits. As reported in our 
methods, the EMT unit we used to detect ultrasound maxed out at approximately 82 dB SPL. 
Many recordings showed evidence of amplitudes too high to be accurately measured by the 
EMT. This equipment limit may have masked the effect of louder amplitude ultrasound at 
several points in the experiments. Subsequent studies should utilize equipment that can 
accurately measure higher amplitude ultrasound, as many studies on a wide variety of organisms 
including S. cerevisiae cultures, mice, and humans suggest that higher amplitudes are more 
harmful.  
 We also found that colony counts were not reduced after exposure to the audible and 
ultrasonic noise produced by a parametric array speaker when compared to the control colonies 
grown in an audible noise environment. This finding could be explained by the shared exposure 
to 82 dB SPL of audible noise. In one study, the growth rate of yeast in liquid culture was 
reduced after exposure to 10 kHz tone at 89 dB SPL [40]. Additional experiments that expose S. 
cerevisiae to only the 60 kHz and > 82 dB SPL ultrasound produced by our parametric array 
speaker without the additional audible noise are necessary to conclude the effects of such 
ultrasonic exposure. These findings also imply that the lack of detection of the biological effects 
of low amplitude ultrasound similar to our results may be due to the confounding effects of 
audible noise subharmonics and other concurrent audible noises in general. Future studies that 




 While we believe that higher frequencies and higher amplitudes of ultrasound are more 
damaging, there are no studies investigating the effect of chronic airborne ultrasound exposure. 
We call for a systematic dose-dependent study that addresses a larger range of frequencies and 
amplitudes to measure the effect of environmentally-relevant ultrasound on eukaryotic cells. 
Future studies could determine the amplitude of a 40 kHz tone needed to reduce colony counts 
by gradually decreasing the intensity of ultrasonic exposure until no difference is found in colony 
counts between the control and the ultrasound treatment. This dose-dependent response could 
then be determined with the range of environmentally-relevant frequencies to which we now 
know humans are chronically exposed. Additional data on the frequency and amplitude of 
ultrasound that damages eukaryotic cell growth and division will help us understand the risks to 
the general public when they are chronically exposed to airborne ultrasound. 
 Noise is commonly defined as any unwanted sound. In this sense, much of the ultrasound 
we discovered on a college campus could be considered a new form of potentially harmful noise 
pollution. While audible noise pollution has long been recognized as a health hazard to humans 
and wildlife, ultrasound has been ignored. Some of the greatest audible noise pollution increases 
have been correlated with urban growth in areas such as transportation and development [2], and 
it is possible that such growth has also led to an increase in exposure of the general urban public 
to technologies that unintentionally emit ultrasound. While many people are working to study the 
effect of audible noise on humans and wildlife, very little is known and understood about the 
baseline ultrasonic environment. Ultrasound may be increasing at a comparable rate to audible 
noise in our environment. Studies of noise pollution should begin to include the ultrasonic 
environment in analyses.  
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 While our experiment focused on ultrasound produced in indoor environments, human-
produced ultrasound pollution could be spilling over into the natural environment and affecting 
wildlife. Many organisms including bats [41,42], rats [43], mice [43,44], frogs [45], and some 
insects [46,47] communicate with ultrasound. Research in audible noise pollution has shown that 
tones produced inside the communication range of organisms creates an acoustic masking effect 
[6,48]. Acoustic masking can reduce the ability of organisms to warn each other about predators, 
to form groups, and find mates by forcing them to adjust the frequency of their vocalizations 
[49–52]. It is quite possible that organisms that communicate with ultrasound frequencies are 
experiencing a similar masking effect due to anthropogenic ultrasound pollution. While we are 
beginning to characterize the ultrasonic environment of public spaces, additional work should 
survey areas around traffic, cities, and other human-built areas for ultrasonic tones. 
 The most stringent ultrasound guidelines globally would not currently protect workers 
from chronic exposure to the ultrasound we used in this study. In the United States, ultrasound 
exposure guidelines exist for workers only. Even those guidelines are controversial, as they 
allow for workers to be exposed to several magnitudes more ultrasound than workers in Europe 
[10,17,21,23]. Currently, the United States Occupational Health and Safety Administration 
guidelines are set to protect workers from the subharmonics of the ultrasonic tones, not the 
ultrasound itself [53]. While some researchers have recommended that exposure to ultrasound be 
limited to amplitudes of 100 dBA SPL or less [22], our findings suggest that a limit of 80 dBA 
SPL may be necessary in environments where continuous exposure occurs.  
 Although we found that ultrasound at 40 kHz and 80 dB reduced yeast colony growth, 
more research is needed to determine the mechanism of inactivation and make stronger 
recommendations on exposure limits. In previous studies of S. cerevisiae, the amplitude of the 
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ultrasonic tone and the concentration of cells in culture affected the ability of ultrasound to 
inactivate cells [34]. Other studies suggest that the mechanism of inactivation may be a 
breakdown in cell membrane integrity [36]. The inactivation of yeast cells may be frequency- 
and amplitude-dependent, as ultrasound is known to cause membrane pores [28]. Some cells are 
able to recover after exposure while others lyse [28,54,55]. We did not determine in our 
experiment whether reduced colony counts after exposure to ultrasound was due to cellular 
inactivation or cell death, but we call for additional research in this area to better understand the 
potential effects. Future studies could use a methylene blue stain to identify the dead cells in a 
culture or plate exposed to ultrasound. Use of methylene blue plates could also show if 
ultrasound limits cell growth through early lysis of yeast cells before they are able to grow into 
visible colonies. A methylene blue stain could show if yeast cells within the colonies that do 
grow are all alive or if some succumb to ultrasonic inactivation.  
 Further research should help elucidate the effect of environmentally-relevant ultrasonic 
tones on eukaryotic cell growth. As single-celled eukaryotes, S. cerevisiae is a valuable model 
for human cells. The applications of our findings of reduced growth are concerning if similar 
reductions are discovered after chronic exposure of a human cell line to environmentally-relevant 
ultrasound. While we are less concerned about heating and cavitation effects in human beings at 
the amplitude range we discovered in the surveyed environment [17], this area of research should 
not be ignored and may have some implications for other organisms that exist in human 
environments rife with ultrasound. The reported subjective findings of nausea, hearing loss, and 
other symptoms in humans should be taken seriously and further investigated as our findings 
show that cell growth can be disrupted by relatively low frequency and low amplitude ultrasound 
previously ignored in the literature. If ultrasound is able to inactivate human cells that are unable 
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to regenerate, we may be placing our hearing at risk through chronic exposure. It is also worth 
noting that our study subjected S. cerevisiae to ultrasound for only 4 days. Longer term exposure 
of eukaryotic cells to ultrasound may have additional effects that have not been discovered.  
 Our study found that ultrasound is present on a college campus at frequencies and 
amplitudes that cause statistically significant reductions in S. cerevisiae colony counts. 
Ultrasonic tones produced by motion detectors, which are ubiquitous in human environments, 
reduced yeast colony counts. Given the reported subjective effects of ultrasound on human 
health, we call for more investigation into the mechanism of yeast colony decreases. Future 
studies should address a larger range of frequencies and amplitudes to measure the dose-
dependent response of eukaryotic cells to environmentally-relevant ultrasound by gradually 
decreasing the amplitude of ultrasonic exposure to identify the intensity threshold where colony 
counts are affected. This dose-dependent response could then be measured again with additional 
frequencies that we now know humans are chronically exposed to besides the 40 kHz tone in this 
study. Using this information, governmental regulatory bodies will be able to set reasonable 
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